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A t  t h e  p re sen t  time, astronomers  observe t h e  formation o f  new stars 
a s  a consequence of g r a v i t a t i o n a l  c o n t r a c t i o n  of l l l ~ s ' l  of gas  and dus t  
i n  large cold  clouds wi th in  o u r  galaxy.  
have formed i n  a similar f a sh ion  some 4.6 b i l l i o n  yea r s  ago. 
Our own sun and solar system may 
In o r d e r  t o  
l e a r n  more about t h e  raw materials fromwhich o u r  s o l a r  system was formed, 
and also about t h e  chemical and phys ica l  p rocesses  involved i n  i t s  f o n a -  
t i o n ,  we t r y  t o  i d e n t i f y  and s tudy  t h e  most "pr imi t ive"  matter a c c e s s i b l e  
t o  us .  
meteorites: 
Such matter has  been found on a micxoscoDic s c a l e  i n  a v a r i e t y  o f  
fragments o f  small solar system bod ies  t h a t  were never  p a r t  
of a l a r g e  p l a n e t .  This  p r i m i t i v e  matter has ,  i n  most cases, been i d e n t i -  
f i e d  by t h e  presence  o f  anomalous abundances o f  some i s o t o p e s  o f  t h e  chem- 
i c a l  elements.  
accounted f o r  by any known phys ica l  or chemical p rocess  o c c u r r i n g  w i t h i n  
These abundances are c a l l e d  "anomalous" i f  they  cannot be 
t h e  s o l a r  system. 
chemical r e a c t i o n s  t h a t  took p l a c e  i n  t h e  c o l d  c loud  be fo re  formation o f  
In  some cases, t h e  anomalies have been a t t r i b u t e d  t o  
t h e  s o l a r  system, a t  t empera tures  of -370'F o r  lower;  i n  o t h e r  c a s e s  t h e  
anomalies appear  t o  r e s u l t  from n u c l e a r  r e a c t i o n s  i n  exploding  s t a r s .  
13C and 12C.  On e a r t h ,  The element carbon has  two s t a b l e  i so topes :  
t h e  r e l a t i v e  abundances of t h e s e  i so topes  are f a i r l y  uniform,  wi th  t h e  
r a t i o  o f  t h e  number of l L C  atoms t o  13C atoms averaging  89, and ranging  
from about 88 t o  94. The v a r i a t i o n s  a r e  due t o  small d i f f e r e n c e s  i n  t h e  
chemical p r o p e r t i e s  of  t h e  two i s o t o p e s .  
Of p a r t i c u l a r  interest f o r  carbon i s o t o p e  s t u d i e s  are t h e  p r i m i t i v e  
m e t e o r i t e s  known as "carbonaceous chondr i t e s . "  A s  t h e i r  name i m p l i e s ,  
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t h e y  are r e l a t i v e l y  ca rbon- r i ch  ( t y p i c a l l y  1 t o  3% by we igh t ) .  
p r e s e n t  i n  a v a r i e t y  o f  chemical forms, i n c l u d i n g  g r a p h i t e ,  ca rbona te  
m i n e r a l s ,  and a l a r g e  number o f  complex o r g a n i c  molecules.  
of such sn a r r a y  o f  compounds a t t e s t s  t o  t h e  p r i m i t i v e  n a t u r e  o f  t h e s e  
m e t e o r i t e s ,  since t h e y  could  not  have s u r v i v e d  e x t e n s i v e  h e a t i n g .  The 
carbonaceous c h o n d r i t e s  are, t h e r e f o r e ,  pr ime c a n d i d a t e s  f o r  t h e  p re se rva -  
t i o n  o f  chemical subs t ances  t h a t  p r e - d a t e  format ion  o f  t h e  s o l a r  system. 
Two p rev ious  s t u d i e s ,  one a t  t h e  U n i v e r s i t y  o f  Cambridge, t h e  o t h e r  
Carbon i s  
The p resence  
a t  t h e  C a l i f o r n i a  I n s t i t u t e  of Technology, showe-1 t h a t  t h e  carbonaceous 
c h o n d r i t e  Murchison, which fe l l  i n  A u s t r a l i a  i n  1969, c o n t a i n s  a minute 
f r a c t i o n  o f  carbon with more t h a n  twice as much 13C as terrestrial  carbon. 
These s t u d i e s  were c a r r i e d  ou t  on samples which were minor r e s i d u e s  left  
after chemical d i s s o l u t i o n  o f  the main c o n s t i t u e n t s  o f  t h e  m e t e o r i t e .  I n  
o u r  work, i n v o l v i n g  f o u r  o t h e r  carbonaceous c h o n d r i t e s  as well as Murchison, 
we have ana lyzed  a l l  o f  t h e  carbon i n  t h e  m e t e o r i t e s ,  u s i n g  a s e l e c t i v e  
o x i d a t i o n  t echn ique  t o  s o r t  ou t  t h e  carbon c o n t a i n e d  i n  d i f f e r e n t  chemical 
forms ( g r a p h i t e ,  c a r b o n a t e s ,  and o r g a n i c  matter). We confirmed t h e  p re sence  
of t h e  
d i f f e r e n t ,  bu t  c h a r a c t e r i s t i c ,  i s o t o p i c  s i g n a t u r e s .  
3C-rich componeht, and r e s o l v e d  a d d i t i o n a l  carbon components w i th  
Comparison can be made between t h e  carbon i s o t o p e  r a t i o s  i n  m e t e o r i t e s  
and t h e  r a t i o s  observed i n  i n t e r s t e l l a r  molecules  by t h e  t echn iques  of  r a d i o  
astronomy. 
hyde (H2CO), r a t i o s  of 1 2 C  t o  l 3 C  range from about 20 t o  100,'  wi th  an average 
va lue  o f  67. 
m e t e o r i t e s  are 42 (Cambridge and Chicago) and 36 ( C a l t e c h ) .  I t  should  be 
noted  t h a t  t h e  i n t e r s t e l l a r  molecules  and t h e  m e t e o r i t e  samples r e p r e s e n t  
two d i f f e r e n t  times i n  t h e  e v o l u t i o n  of t h e  ga i axy ,  s i n c e  t h e  m e t e o r i t i c  
In  in te rs te l la r  molecules  o f  carbon monoxide (CO) and formalde- 
The lowest 1 2 C / I 3 C  ( i . e . ,  h i g h e s t  I3C)  r a t i o s  observed i n  
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materials have been locked up in  mineral grains since the ir  formation more 
than 4 . 6  b i l l i o n  years agc. The large variations in  isotopic  abundance in 
both the interste l lar  molecules and in the meteoritic materials are probably 
a consequence of  nuclear reactions in  s tars ,  with subsequent eject ion of 
matter from the  stars into the in ters te l lar  medium. 
